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I NTENSIVE USE of a moldboard plow, disk, field cultivator, and harrow was once the only practical tillage system that could give the crop 
producer reasonable assurance of producing high yields. Modern herbi-
cides and implements, however, have provided alternatives to the tradi-
tional intensive-tillage system. 
SOIL EROSION 
Bare, smooth soil left by moldboard plowing and intensive secondary 
tillage is extremely susceptible to soil erosion. Many Illinois soils have 
subsurface layers that are unfavorable for root development, so as soil 
erosion slowly, but permanently, removes the soil that is most favorable 
for crop growth, soil productivity gradually decreases after planting. 
Even on soils without root-restricting subsoils, erosion removes nutri-
ents. To maintain yields, those nutrients must then be replaced with 
additional fertilizer. 
In addition to reducing soil productivity, sediment from eroding fields 
increases water pollution, reduces the storage capacity of lakes and 
reservoirs, and decreases the efficiency of drainage systems. Such erosion 
is not nearly as great from fields under conservation tillage. 
Chisel plow, no-tillage, and other tillage systems that leave a protective 
mulch of crop residues at the soil surface are often called conservation 
tillage systems. Figures 1 and 2 illustrate these systems' effectiveness in 
reducing soil erosion in simulated rainfall tests at the University of Illi-
nois at Urbana-Champaign. Nearly 1,000 pounds of soil per acre were 
lost from a fall moldboard plowed area subjected to 1.25 inches of in-
tense rain, whereas nearly 4 inches of water were required to erode that 
same amount of soil where a chisel plow, disk, or no-tillage system was 
used. Soil erosion after soybeans was considerably greater than after 
com, but the soil loss with conservation tillage was still much less than 
with fall moldboard plowing. 
Conservation tillage will not adequately control soil erosion on all soils. 
If at all possible, tillage and planting operations on sloping land should 
be performed on the contour. For example, if the tillage direction is up-
and downhill, chisel plows often leave shallow furrows that can concen-
trate rainwater and erode severely. Long or steep slopes may also require 
practices such as terracing. 
To choose the tillage system that best meets your needs, it is essential 
for you to consider crop yields, costs, and benefits of erosion control. To 
evaluate these three factors, you must look carefully at the tillage method 
as it relates to soil type, slope, drainage, timeliness, soil temperature, 
fertilizer distribution, and the influence on weed, insect, and disease 
control. Let us examine some tillage systems used in Illinois and some 
advantages and disadvantages of each. 
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Figure 1. Soil loss following corn and before spring tillage ( 1974). 
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Figure 2. Soil loss following soybeans and before spring tillage ( 1974). 
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MOLDBOARD PLOW SYSTEM 
In conventional clean tillage, the moldboard plow is used for primary 
tillage. Secondary tillage includes one or more operations with a disk, 
field cultivator, harrow, or similar implement. In most areas, herbicides 
are applied after the first secondary tillage operation and incorporated 
with the second and third operations. However, preemergence herbicides 
are also used as either broadcast or band applications. Phosphorus and 
potassium fertilizers and lime are usually applied before moldboard 
plowing, and nitrogen for corn is usually applied in the spring before or 
after the first spring tillage operation. Also, nitrogen is sometimes ap-
plied in the fall or after planting. 
Advantages 
1. The uniform, fine seedbed gives good seed-soil contact and easy 
planting. 
2. The system is flexible and adaptable to a wide range of soil and crop 
conditions. 
3. Yields are as high as or higher than those with alternate tillage sys-
tems over a wide range of soil and weather conditions. 
4. Insecticides and herbicides are most effective in a uniform, fine seed-
bed that is free of crop residues and large clods. 
5. A wide selection of herbicides can be used. 
Disadvantages 
1. Bare soil is very susceptible to wind and water erosion. 
2. Soil crusting is often a problem with a uniform, fine seedbed. 
3. Fuel requirements are high. 
4. Machinery inventory requirements are high. 
5. Labor inputs are high. 
CHISEL PLOW SYSTEM 
In this system, a chisel plow is used for primary tillage, usually in the 
fall, followed by secondary tillage operations in the spring like those used 
with the moldboard plow system. Plant nutrients and herbicides are also 
applied in the same way as with the moldboard plow system. 
Advantages 
1. Machinery costs are slightly lower than with moldboard plowing be-
cause of lower fuel requirements per acre for chisel plowing. 
2. Chisel plowing requires less time than moldboard plowing with the 
same size tractor. 
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3. Crop residues partially cover the soil surface and leave it rough, thus 
reducing raindrop impact energy directly on the soil. More water 
enters the soil, and less topsoil is lost through wind and water erosion. 
4. Soil roughness and surface residues protect the soil from wind 
erosion. 
5. Yields are comparable to those with other tillage systems, especially 
on well-drained soils . On poorly drained soils, the chisel plow can 
usually be used for at least three or four years without any significant 
yield decrease. 
Disadvantages 
1. Especially if secondary tillage is minimized, a planter with a coulter 
in front of each row and disk openers is desirable for planting in 
rough, residue-covered soil. 
2. In early spring, depending upon the amount of residue on the surface, 
soil temperatures are sometimes up to 5 a F lower at a depth of 4 inches 
than with a clean, tilled, bare soil. 
3. Percent germination and emergence is sometimes slightly lower in a 
rough, residue-covered soil. 
4. Slightly higher herbicide rates may be required to get satisfactory 
weed control. A change in herbicides may be required to control 
perennial weeds that tend to increase with reduced tillage systems. 
5. Herbicide carryover may be greater because of less dilution, especially 
if higher rates are used. 
Because of the small amount of residue left after soybeans have been 
harvested, the disadvantages numbered 2, 3, and 4 are not applicable 
when corn follows soybeans. 
DISK SYSTEM 
Following corn, a large (heavy) disk may be used for primary tillage 
in the fall. Following soybeans, the soil is not tilled in the fall. In the 
spring a field cultivator or a disk is used for secondary tillage. Plant 
nutrients and herbicides can be applied in the same way as with the mold-
board plow system. The general advantages and disadvantages of the 
chisel plow system apply to the disk system if the individual disk blades 
are not so large that a large portion of the residues are covered. 
NO-TILLAGE SYSTEM (ZERO TILLAGE> (SLOT PLANTING> 
Seed is planted in previously undisturbed soil using a special no-tillage 
planter equipped to plant through residue in firm soil. Plant nutrients are 
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broadcast on the soil surface before planting, and preemergence herbi-
cides are applied after planting. Weeds growing at planting time are 
killed with a contact herbicide. 
Equipment is available to apply anhydrous ammonia in a no-tillage 
situation and should be used if desired, especially if it can be done safely 
and if it is less expensive than applying other forms of nitrogen. Since 
the equipment used to apply anhydrous ammonia does a considerable 
amount of tillage, some people argue that it should not be used in a no-
tillage system. However, because anhydrous ammonia application equip-
ment covers such a small amount of the residue that there is little, if any, 
loss in erosion control, it should be used in the system. Perhaps the sys-
tem should be called something other than no-tillage when anhydrous 
ammonia is used. 
Advantages 
1. Soil erosion is much lower than with other systems. 
2. Power, labor, and fuel costs are much lower than with other tillage 
systems. 
3. Most no-tillage planters can be used to plant in most crop residues, in 
sod, or in a conventionally tilled seedbed. 
4. Plant residues on the soil surface reduce evaporation, conserving soil 
moisture for use by the crop. 
5. In a wet year, firm soil may aid harvest, although tillage may be 
needed to offset soil compaction caused by wheel traffic on wet soil. 
Disadvantages 
1. A planter especially designed for no-tillage planting is needed be-
cause it is difficult to get adequate seed-soil contact, a uniform plant-
ing depth, and uniform seed cover with most planters designed only 
for a tilled seedbed. 
2. Low soil temperatures often reduce and delay corn emergence and 
cause slow early growth. 
3. If rodents are numerous, they may need to be controlled because they 
like to eat corn kernels and can significantly reduce stands. 
4. Weed control is entirely dependent on surface-applied herbicides since 
herbicides cannot be incorporated. Cultivation is difficult at best. 
5. Higher herbicide rates or more costly herbicide combinations are 
usually needed for adequate weed control. 
6. If a "knockdown" herbicide does not kill established vegetation, re-
planting may be necessary. 
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PRODUCTION COSTS 
Will the switch from a conventional moldboard plow system to a con-
servation tillage system be profitable for you? To find the answer, you 
should weigh the effects of three primary factors: costs, yields, and the 
benefits of erosion control. 
The tillage system you select determines in part what machinery you 
need. If you completely change to conservation tillage, both your total 
and peak power requirements will be reduced and you can also expect a 
reduction in machinery costs per acre. Purchasing new equipment for a 
conservation tillage system, however, will not decrease machinery costs 
immediately and may increase them if the same tractors and equipment 
from the other tillage system are maintained. For example, machinery 
costs are not greatly reduced if a plow, a disk, and other conventional 
tillage equipment are maintained and used occasionally with an other-
wise no-tillage system. 
Reduced manpower and machine hours can be another advantage for 
reduced-tillage systems. It should be pointed out, however, that you must 
select equipment to suit your farm size and tillage system if you want to 
reduce machinery costs. Labor time can be reduced with a no-tillage 
system because there is no fall tillage, so you could reduce the combine 
size to use the additional labor or apply the additional labor to other 
productive activities. 
Although additional or more expensive pesticides and fertilizers (for 
example, a contact herbicide for no-tillage systems) can increase the cost 
of a conservation tillage system, fuel and other machinery-related costs 
are reduced with less tillage. Thus, although fuel conservation is a bene-
fit of reduced tillage systems, .savings in fuel and machinery costs are 
likely to be offset by additional costs for pesticides. Therefore, the total 
cost factor shows no clear advantage for any reasonable tillage system 
if equivalent yields are obtained (Table 1). 
Table 1. Estimated Costs of Machinery and Pesticides 
with Different Tillage Systems 
Tillage system 
Machinery-
relatedn 
Fall plow . . . . . . . . . . . . . . . . . . . . . 41 
Chisel . . . . . . . . . . . . . . . . . . . . . . . . 39 
Disk . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
N a-tillage . . . . . . . . . . . . . . . . . . . . . 24 
Dollars per acre 
Pesticides 
14 
16 
18 
28 
Total 
55 
55 
53 
52 
n Machinery-related costs include fixed and variable machinery costs, labor at $5.00 per hour, 
and a timeliness cost where applicable. 
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ENERGY CONSUMPTION 
Conservation tillage systems require less fuel for field operations than 
do conventional systems using a moldboard plow. The diesel fuel re-
quirements for four tillage systems are shown in Table 2. However, be-
cause of differences in soil type, machinery, and other operating condi-
tions, fuel use may vary by as much as 35 percent from the figures shown 
for a particular operation. Also, the figures given in Table 2 do not in-
clude off-field fuel use for transportation. 
Table 2. Fuel Use with Various Tillage Systems 
Conventional 
Chisel 
plow 
Disk-
plant 
Gallons of diesel fuel per acrea 
Spread potassium and phosphorus .. 0.15 0.15 0.15 
Disk stalks .................... . .. 0.50 0.50 0.50 
Moldboard plow . . . ............... 1.90 
Chisel plow ....................... 1.20 
Disk ••• • ••••••••• 00 ••••••••••••••• 0.70 0.70 0.70 
Apply anhydrous ammonia ......... 0.60 0.60 0.60 
Disk and apply herbicide ........... 0.60 0.60 0.60 
Field cultivate •••• 0 ••••••••••••••• 0.70 0.70 0.70 
Plant ...................... ·.····· 0.45 0.45 0.45 
Apply herbicide and nitrogen ....... 
Rotary hoe ••••••• • • 0 ••••••••••••• 0.20 0.20 0.20 
Cultivate •• • ••••••••• 0 • ••••••••••• 0.40 0.40 0.40 
Combine .......................... 1.60 1.60 1.60 
Total 
••••• •••• 0 •••• •••••••••• 7.80 7.10 5.90 
a For gasoline, multiply the figures given by 1.4. 
No-
tillage 
0.15 
0.45 
0.15 
1.60 
2.35 
The fuel savings realized through conservation tillage are partially 
offset by the need for additional herbicides since the amount of tillage is 
reduced. In addition, because special equipment, which may not be avail-
able, is required to apply anhydrous ammonia to firm and trashy soil, 
with zero-tillage you might have to use a form of nitrogen that requires 
more energy to produce. When these additional inputs are considered 
(Table 3), the total energy saving that is possible with even the most ex-
treme reduced tillage system is about 15 to 20 percent. 
Herbicides may be spread with liquid fertilizer, ensuring an adequate 
volume of liquid for coverage and eliminating a separate trip across :the 
field. 
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Table 3. Estimate of Energy Used for Field Operations, 
Herbicides, and Nitrogen for Corn 
Fields operations Tillage 
system Fuel Machinery" Herbicidesb Nitrogene Total 
Moldboard plow . . . . . . . . . 7.80 
Chisel . . . . . . . . . . . . . . . . . . 7.10 
Disk . . . . . . . . . . . . . . . . . . . . 5.90 
N a-tillage . . . . . . . . . . . . . . . 2.35 
Diesel fuel equivalent, gallons per acre 
3.68 3.13 27.18 
3.03 3.5 27.18 
2.08 4.02 27.18 
1.13 4.46 27.18 
to 
37.44d 
a Includes energy estimates for manufacturing and maintenance. 
41.79 
40.81 
39.18 
35.07 
to 
45.33d 
b Based on an application rate of 3.5 pounds per acre for moldboard plow, 4.0 for chisel plow, 
4.5 for disk, and 5.0 for no-tillage. 
e Based on an application rate of 150 pounds of nitrogen per acre. 
d Depending on the form of nitrogen used. The lower fuel equivalent assumes the use of 
anhydrous ammonia, whereas the higher figure assumes the use of a liquid or dry form of 
nitrogen. 
SOIL CONDITIONS 
Crop germination, emergence, and growth are largely regulated by soil 
temperature, moisture content, and nutrient placement. Tillage practices 
influence each of these parts of the soil environment, and conservation 
tillage systems differ from conventional clean tillage in several respects. 
Soil Temperature 
Soil warmup slows as the amount of crop residue on the surface 
increases. Spring soil temperatures are commonly 3 to 5°F lower with 
conservation tillage than with clean-tilled soil. Corn planting should be 
delayed until the soil temperature reaches 50°F because cooler soil 
temperatures can extend the period between the start of germination and 
plant establishment, giving a greater opportunity for seed decay and 
seedling blight. 
SoH Moisture 
Surface mulch reduces evaporation. Wetter soil is an advantage in 
dry summer periods but a disadvantage at planting time and during 
early growth on soils with poor internal drainage. 
Stand Establishment 
To produce uniform stands, you need good contact between the seed 
and moist soil, uniform planting depth, and enough loose soil to cover 
the seed. The shallower-than-normal planting in cool, moist seedbeds 
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that is common to conservation tillage may partially offset the disad-
vantage of lower temperatures if a uniform depth is maintained and 
seeds are covered. Planter adjustments should be checked frequently. 
Planters must be equipped to handle the large amounts of crop resi-
due and firm soil in no-tillage and some other conservation tillage seed-
beds. A coulter, sweep, chisel, or other narrow tillage device must be 
mounted ahead of the planter unit to handle residue in the row area and 
open a slot in the soil for seed placement. Extra weight on the planter 
may be necessary to penetrate firm, undisturbed soil. The seeding rate is 
often increased by 10 percent with no-tillage and very rough seedbeds to 
ensure an adequate stand. 
Fertilizer Placement 
Phosphorus and potassium fertilizers and limestone remain at or near 
the soil surface unless they are moved by a tillage operation. This move-
ment is least with a no-tillage system and greatest when soils are mold-
board plowed. Research results have shown that surface-applied phos-
phorus and potassium fertilizers remain in the upper 2 inches of soil 
with no-tillage and in the upper 3 to 4 inches with chisel plow or disk 
tillage and are uniformly distributed throughout the plow layer when the 
tillage system includes moldboard plowing. Roots, however, can use 
nutrients placed close to the surface with conservation tillage because the 
crop residue mulch tends to keep the soil moist. Experiments in Illinois 
indicate that nonuniform distribution of fertilizers with conservation 
tillage has not reduced yields and should not be a major concern in decid-
ing to adopt a conservation tillage system. 
Nitrogen can be applied to the soil surface or injected as anhydrous-
ammonia or low-pressure solutions. A coulter mounted ahead of the 
applicator knife may be needed if anhydrous ammonia is applied through 
heavy trash. Care must be taken to ensure a good seal behind the appli-
cator; special packing wheels may be needed for the firm soil of no-
tillage systems. Surface-applied solutions containing urea as the nitrogen 
carrier are subject to nitrogen loss unless incorporated or moved into 
the soil by rain. Large amounts of surface trash can interfere with soil 
entry and increase the potential for loss. Surface-applied ammonium ni-
trate has been from 10 to 20 percent more efficient than urea for no-
tillage corn in Illinois experiments. 
Soil Testing and Liming 
Soil testing is important with any tillage system to assess limestone 
and fertilizer needs accurately. Soil-test recommendations are based on 
samples taken to a depth of 8 to 9 inches. A thoroughly mixed sample to 
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the same depth should be used with conservation tillage because shallower 
sampling of a chisel plowed, disked, or no-tillage field can result in very 
high soil-test readings and in phosphorus and potassium recommenda-
tions that are too low for optimum yields. 
Continued application of nitrogen fertilizers to the soil surface with-
out subsequent mixing by tillage may result in a low-pH zone near the 
surface that will not be readily detected with a mixed sample taken from 
the 9-inch "plow layer." Likewise, prolonged injection of anhydrous am-
monia could also result in a low-pH zone below the surface. Although 
stratification of soil acidity has not emerged as a significant problem with 
conservation tillage, the detrimental effects of soil acidity warrant some 
precautions. Adding a pH test of one or two samples from the zone of 
nitrogen placement to the normal soil-testing program will alert you to 
possible problems. Limited research indicates that surface application of 
limestone is effective in maintaining soil pH where most of the nitrogen 
is applied to the surface. Because limestone is immobile in soils, however, 
thorough incorporation is recommended to neutralize subsurface acidity 
effectively. 
Yields 
Conservation tillage systems have produced yields comparable to those 
produced by conventional tillage on most Illinois soils when stands were 
adequate and pests were controlled. Although yields on poorly drained 
fine-textured (silty-clay loam, silty clay, and clay) soils have been consis-
tently higher when the soils were moldboard plowed after corn, soils 
with root-restricting claypan or fragipan subsoils have frequently pro-
duced higher corn yields when moisture-conserving conservation tillage 
was used (Table 4). 
Table 4. Corn Yields with Moldboard Plow, Ch isel Plow, 
and No-Tillage Systems 
Well-drained Poorly drained Claypan 
Tillage 
system 
Symerton 
silt loam• 
1foldboard plovv ........ 112 
Chisel plovv . . . . . . . . . . . 110 
No-tillage . . . . . . . . . . . . . 99 
a Elwood, 1972-75. 
b Urbana, 1974-77. 
e Brownsto.wn, 1974-77. 
d Dixon Springs, 1967-76. 
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Drummer 
silty-clay loamb 
Cisne 
silt loame 
(bushels per acre) 
165 87 
159 114 
144 108 
Fragipan 
Grantsburg 
silt loamd 
112 
115 
WEED CONTROL* 
No matter which tillage system is used, weed control is essential for 
profitable crop production. Many weeds can be controlled mechanically 
by tillage operations before planting and cultivations after planting. 
Total reliance on tillage and cultivations to control weeds is impractical, 
however, considering the weed infestation of most soils and the effective-
ness of available herbicides. Herbicides have made it possible to use less 
tillage for crop production. Nevertheless, even with effective herbicides, 
the fear of poor weed control when tillage is reduced is probably the 
major deterrent to widespread adoption of conservation tillage systems. 
Herbicide Selection and Application 
Numerous herbicides are available. You should consider both the kinds 
of weeds likely to be present and the effect of the tillage system on con-
trolling them when you select a herbicide or a combination of herbicides. 
You should also consider several other factors, of course. 
You must decide whether to apply herbicides as preemergence or pre-
plant-incorporated treatments. Some herbicides must be incorpo-
rated. The extra spring tillage required for incorporation usually reduces 
the amount of residue left on the soil surface and leaves the surface quite 
smooth. Thus, the effectiveness of erosion control is reduced when you 
use preplant-incorporated herbicides. 
Although less spring tillage is required with preemergence herbicides, 
for good weed control there must be rain shortly after they are applied. 
Primarily because such timely rain does not always occur, preplant-
incorporated herbicides give more consistent weed control than pre-
emergence herbicides. 
Neither preemergence nor preplant-incorporated herbicides will give 
optimal performance under tillage systems that have large amounts of 
crop residue and clods on the soil surface because this material interferes 
with herbicide distribution and thorough incorporation. Since herbicides 
are less effective with surface residues and clods and since weed pressure 
will probably be greater with less tillage, you may need to apply herbi-
cides at higher rates to get satisfactory weed control with conservation 
tillage. 
Cultivation 
You can usually cultivate with all tillage systems except, perhaps, no-
tillage, where the soil surface may be too hard or covered with too much 
*Consult the current edition of the Illinois Field Crops Weed Control Guide 
(available from your county Cooperative Extension Service office) for specific 
herbicide recommendations. 
13 
residue. High amounts of crop residue interfere with the operation of 
sweep cultivators. Disk-type cultivators will work but may tend to bury 
too much of the residue for effective moisture conservation. Rolling 
cultivators are effective across a wide range of soil and crop-residue 
conditions. 
Problem Weeds 
Perennial weeds such as milkweed and hemp dogbane may be a 
greater problem with conservation tillage systems. Current programs for 
control of weeds such as J ohnsongrass and yellow nutsedge call for high 
rates of preplant herbicides, which should be thoroughly incorporated. 
Wild cane is another weed that is best controlled by preplant-incorpo-
rated herbicides. 
Volunteer corn can be a problem with some conservation tillage sys-
tems but is generally not a problem with fall moldboard plow or no-
tillage systems. 
Surface-germinating weeds, such as annual grasses, may also increase 
with reduced tillage systems unless control programs are closely mon-
itored. 
Herbicide Carryover 
When a herbicide applied on a crop harms the next crop, the effect is 
called herbicide carryover. The potential for this problem is greater with 
conservation tillage systems, especially if higher herbicide application 
rates are used, because the herbicides are diluted less than with mold-
board plowing. Carryover is also affected by climatic factors and soil 
conditions. Warm, wet weather and soils lead to faster breakdown than 
cool, dry conditions. Soils with a pH above 7.4 tend to have greater 
atrazine carryover problems than those with pH values from 6.0 to 7.3. 
You can minimize carryover problems by using reduced rates of the 
more persistent herbicides in combination with other herbicides, or by 
using less-persistent herbicides. Early herbicide application also reduces 
the potential for herbicide carryover. 
You can detect carryover by growing a sensitive species in soil samples 
from suspected fields (bioassay). It will not be a problem if you grow 
the same crop or a tolerant species the next cropping season. 
No-Tillage Weed Control 
Weed control is especially important with no-tillage because the con-
trol with this system is totally dependent on herbicides. Mechanical culti-
vation is usually difficult at best. 
14 
Because it is impossible to incorporate herbicides with no-tillage, you 
must use preemergence herbicides. Thus, the number of available herbi-
cides is restricted. Preemergence herbicide application rates may need to 
be higher with no-tillage and other conservation tillage systems because 
of the increased weed pressure and because of herbicide tie-up on crop 
residues. 
Increasing the volume of spray per acre in heavy vegetation or resi-
dues may help improve herbicide effectiveness. With a contact herbicide, 
you may need up to 60 gallons of water per acre in dense sod to get 
effective coverage. If you apply the herbicide with liquid fertilizer, the 
fertilizer will provide the high spray volume needed for effective 
coverage. 
It is essential that you apply herbicides uniformly and that you prevent 
skips between passes with all tillage systems. Skips may be a problem, 
especially with no-tillage, unless you use marking systems such as foams 
or dyes during herbicide application. 
Conventional and most conservation tillage systems destroy existing 
weed growth before planting. N a-tillage systems usually require a knock-
down herbicide like Paraquat or Roundup to control existing vegetation, 
which may be a grass or legume sod or early germinating annual and 
perennial weeds. Alfalfa, marestail, and certain perennial broadleaf 
weeds, however, will not be controlled by Paraquat. It may be necessary 
to treat them with Ban vel or 2,4-D either before Paraquat application or 
after regrowth in corn. Do not apply these translocated herbicides at the 
same time as Paraquat because the contact action of the Paraquat may 
prevent translocation. Another possibility is to replace Paraquat with 
Roundup. Do not apply Paraquat or Roundup immediately after cutting 
alfalfa or clover, or control will be poor. Failure to control perennial 
vegetation (sod, clover, or alfalfa) can be a disaster in no-tillage soy-
beans because postemergence herbicides are not available to control them. 
INSECT CONTROL 
Concern about insects should not keep you from adopting conserva-
tion tillage. Most corn soil-insect problems that might be magnified by 
conservation tillage practices can be controlled with soil insecticides ap-
plied at planting. Outbreaks of aboveground foliage-feeding pests can 
be controlled with properly timed sprays. Thus, close monitoring of fields 
for insect outbreaks is very important. 
Soil Insect Pests 
Insect populations are greatly affected by soil texture, chemical com-
position, moisture content, temperature, and organisms in soils. Tillage 
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affects some of these soil conditions and changes the environment in 
which the insects must survive. Some tillage operations favor specific 
pests, whereas others tend to reduce pest problems. Since insect species 
differ in life cycle and habits, each must be considered separately. 
Northern and western corn rootworms. Rootworms are the pri-
mary soil insect pests of corn in Illinois. Damage is primarily confined 
to fields where corn is planted two years in a row (corn following 
com). Although additional research on the effects of conservation tillage 
on rootworm populations is needed, general observations by entomol-
ogists and farmers indicate that conservation tillage may favor increased 
winter survival of rootworm eggs. Because fall or spring plowing has 
produced highly variable results on rootworm survival in Illinois tests, 
moldboard plowing is not recommended as a control measure for corn 
rootworm. 
European corn borer larvae. These insects overwinter in corn-
stalk residues. Tillage systems that leave com stalks on the surface could 
result in increased populations of first-generation moths and subsequent 
damage by the first brood in late June or early July. 
Black cutworm. Outbreaks in corn appear more frequently with 
conservation tillage than with conventionally tilled fields, probably be-
cause cutworm moths deposit eggs on vegetation or surface debris. Re-
cent research by the Illinois Natural History Survey suggests that egg 
laying occurs prior to planting. Chickweed and other winter annual 
weeds not buried by tillage serve as hosts for egg laying and cutworm 
survival. These preliminary observations indicate that both weediness 
and tillage practices contribute to cutworm problems. 
No-Tillage Pest Problems 
Insect problems occur more frequently in no-tillage corn than in any 
other conservation tillage system, and are often more serious. N a-tillage 
gives pests a stable environment for survival and development. Soil in-
secticides can be profitably applied to com following grass sod or to any 
rotation where grass and weeds are prevalent. It does not generally pay 
to apply a soil insecticide to no-tillage com following corn (except in 
rootworm-infested areas), soybeans, or a small grain. A diazinon 
planter-box seed treatment should, however, be used to protect against 
damage by seed-corn beetles and seed-com maggots. 
Table 5 provides information on the effects of tillage practices on pest 
problems in corn, based on estimates of Cooperative Extension Service 
entomologists. 
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PLANT DISEASES 
Clean plow-down for disease control has been a standard practice 
since man started cultivating crops. While this procedure is still im-
portant for the control of many diseases, alternative controls are pro-
vided by crop rotation, resistant varieties, chemical protectants, and good 
crop-health techniques. The combination of all these procedures is called 
integrated control. Elimination of clean tillage from the integrated 
disease-control strategy means that other controls must be used more 
intensively to minimize crop losses from diseases. 
Table 5. Estimate of the Effect of Different Tillage Practices 
on Insect Populations in Corna 
Effective 
Spring Fall Reduced No- chemical 
Pest plowing plowing tillage tillageb controlc 
Seed-corn beetles 0 0 + Yes 
Seed-corn maggots 0 0 0 0 0 0 + Yes 
Wireworm . .... ..... . 0 +(Sod) Yes 
White grubs ..... .. .. 0 +(Sod) No 
Corn root aphids .. 0 0 0 • ? +(Sod) ? 
Corn rootworm 0 0 0 0 0 •• -? -? +? +(Corn) Yes 
Black cutworms . 0 0 • 0 • ? + Yes 
Bill bugs •••• 0 •• • 0 • • •• +(Sod) Yes 
European corn borer 0 • + + Yes 
True armyworms 0 0 0 •• +(Sod) Yes 
Common stalk borer 0 0 • + No 
Slugs .......... . .. . .. + No 
Mice 0 . 0 0 0 0. 0 0 0 0 0 0 0 0 0. +(Sod) Yes 
a + = The practice will increase the population or the potential for damage by the pest. 
- = It will reduce the population or potential for damage. 
0 0= No effect on the pest. 
? = Effect unknown on the pest. 
b The preceding crop will have a direct influence on the pest problem(s) in no-tillage corn. 
c More specific information on insect pest management is presented in the current Insect Pest 
Management Gt,ide- Field and Forage Crops. This circular is revised annually, so only the 
latest edition should be used. 
Pathogens 
At least three factors must be "in balance" for a plant disease to oc-
cur: a susceptible host plant, a virulent and aggressive pathogen (disease 
agent), and a favorable air-soil environment. Certain diseases require a 
vector (transmitting organism) to carry the pathogen to a susceptible 
plant. Examples of vectors are the corn flea beetle, which transmits 
Stewart's disease to corn, and the wheat curl mite, which transmits wheat 
streak mosaic to wheat and corn. Disease does not occur if one of the 
three factors (or a specific vector) is missing~ 
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Most disease-causing fungi, bacteria, and nematodes are concentrated 
in the top 2 to 4 inches of soil and are usually associated with crop 
residues. The survival of disease-producing organisms in crop residues 
affects the extent and severity of many crop diseases. Some disease-
causing fungi and bacteria that survive in crop debris tend to intensify 
when the same crop is grown more or less continually and when crop 
residues are left on the soil surface. 
Many common soil fungi and bacteria that help decay residue are an-
tagonistic to pathogens or deprive them of food or a survival site. Al-
though most pathogens that cause leaf blights and stalk and stem rots 
cannot survive in decayed crop residues, no-tillage or other conservation 
tillage practices that leave crop residues on the soil surface are more 
favorable to disease buildup. You can, however, get rapid decay or 
colonization of crop residues by beneficial soil organisms without fall 
moldboard plowing. Leaf residues (survival site of leaf spot and blight 
pathogens), for example, can be adequately decayed in one season by 
shredding, then disking. Stalks, stems, and roots may require thorough 
incorporation for rapid breakdown. 
Crop rotations help reduce disease risks because most pathogens can 
attack only certain plants and are starved out when that plant or its 
residues are absent. The rotation period required for disease control de-
pends on the rate of crop-residue decay. Some pathogens, however, are 
exceptions to this rule because they are either commonly present in the 
soil (Pythium and Rhizoctonia) or can attack several crops. The char-
coal rot fungus, for example, attacks corn, soybeans, sorghum, and 
several weeds. A corn-soybean rotation will favor a buildup of this 
disease, but deep plowing provides some control. 
Nematodes 
Nematodes that attack corn, soybeans, and other crops are also af-
fected by tillage even though they do not depend on undecayed crop 
residues for survival. Recent research has shown that most plant-
parasitic nematode populations are highest where soil is disturbed the 
least and crop rotation is not used. The research showed that fall mold-
board plowing dramatically reduced nematode populations, but that 
chiselling and disking had little effect. Tillage is less likely to affect the 
soybean cyst nematode, however, because it survives between crops in 
a protective cyst that is highly resistant to drying and freezing. 
The relative importance of clean plow-down for the control of dis-
eases that are significant in Illinois is shown in Table 6 for corn, in 
Table 7 for soybeans, and in Table 8 for wheat. These tables also indi-
cate the relative effectiveness of other control measures. 
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Resistant 
or tolerant 
Disease hybrids 
Stewart's disease 
Seed rots and 
seedling blight 
Helminthosporium 
leaf blights : 
Northern leaf blight 
Northern leaf spot 
Helminthosporium 
leaf spot 
Southern leaf blight 
Physoderma brown spot 
Yell ow leaf blight 
and eyespot 
Anthracnose 
Crazy top and sorghum 
downy mildew 
p 
2b 
a 1 = Highly effective control measures. 
b 2 = Moderately effective control. 
c 3 = Slightly effective control. 
Crop 
rotation 
2 
2 
2 
3 
Clean 
plow-
down 
2 
2 
1 
3 
Balanced 
fertility 
3c 
3 
3 
Fungicides 
2 
Other controls and comments 
Early control of corn flea beetles may 
be helpful on susceptible hybrids. 
Sow injury-free, plump seed. Plant 
seed in soils 50°F to 55°F or above. 
Prepare seedbed properly and place 
fertilizer, herbicides, and insecticides 
correctly. 
Apply fungicide only on susceptible 
hybrids when the lower three leaves 
are infected either before tasseling or 
to 2 weeks after tasseling. 
Make sure there is adequate soil drain-
age or avoid planting in low, wet areas. 
Plant only downy mildew-resistant 
sorghums where sorghum-corn rota-
tions are used. Control of shattercane 
is very important. 
Disease 
Smut 
Common rust and 
southern rust 
Stalk rots: 
Diplodia 
Charcoal 
Gibberella 
Nigrospora 
Fusarium 
Anthracnose 
Ear and kernel rots : 
Diplodia 
Fusarium 
Gibberella 
Physalospora 
Penicillium 
Aspergillus 
Others 
Resistant 
or tolerant 
hybrids 
2 
2 
a 1 = Highly effective control measures. 
b 2 = Moderately effective control. 
c 3 = Slightly effective control. 
Crop 
rotation 
2 
Table 6 - Continued 
Clean 
plow-
down 
3 
3 
Balanced 
fertility 
3 
2 
3 
Fungicides 
3 
Other controls and comments 
Avoid mechanical injuries to young 
plants. Control insects. 
Fungicides may be justified on occasion 
in seed-production fields. Check with 
local Extension adviser. 
Plant full-season hybrids at recom-
mended populations for hybrid, soil 
type, fertility, and area. Control in-
sects and corn-leaf diseases such as 
Stewart's disease and Helmintho-
sporium leaf blights. 
Control stalk rots and leaf blight dis-
eases. Hybrids that produce ears well 
covered with husks and mature in 
downward position usually have the 
least ear rot. Ear and kernel rots are 
increased by bird and insect damage. 
Disease 
Storage molds : 
Penicillium 
Aspergillus, etc. 
Maize dwarf mosaic 
Maize chlorotic 
dwarf mosaic 
Wheat streak mosaic 
Nematodes: 
Lesion 
Needle 
Dagger 
Sting 
Resistant 
or tolerant 
hybrids 
~ a 1 = Highly effective control measures. 
b 2 = Moderately effective control. 
c 3 = Slightly effective control. 
Crop 
rotation 
Clean 
plow-
down 
2 
Balanced 
fertility Fungicides Other controls and comments 
Store undamaged corn for short pe-
riods at 15- to 15.5-percent moisture. 
Damaged corn should be dried to 13-
to 13.5-percent moisture prior to stor-
age. Recent research indicates that 
low-temperature-dried corn has fewer 
stress cracks and fewer storage mold 
problems. Corn stored for 90 days or 
more should be dried to 13- to 13.5-
percent moisture. Inspect weekly for 
heating, crusting, or other signs of 
storage molds. 
Control J ohnsongrass and other peren-
nial grasses in and around fields. 
Plant winter wheat after fly-free date 
and control volunteer wheat. Separate 
corn and wheat fields. 
Clean plow-down helps reduce winter 
survival. Nematicides may be justified 
in some situations. Crop rotation should 
be based on nematode species involved. 
Contact Extension adviser for infor-
mation on rotation and chemical con-
trol. 
Table 7 . Soybean Diseases That Reduce Yields in Illinois and the Relative Effectiveness of Various Control Measures 
Disease 
Phytophthora root 
rot 
Pythium, rhizoctonia, 
and fusarium 
seedling blights 
and root rots 
Charcoal root rot 
Soybean cyst 
nematode 
Pod and stem blight, 
anthracnose, and 
stem canker 
Resistant 
or tolerant 
varieties 
a 1 = Highly effective control measures. 
b 2 = Moderately effective control. 
c 3 = Slightly " •' ve control. 
Crop 
rotation 
2 
Clean 
plow-
down 
3 
2 
High 
seed 
quality 
3 
Fungicides 
2 
(N ematicides) 
Other controls and comments 
Numerous races of the fungus are 
known. The resistance most commonly 
used is only to race 2. A void poorly 
drained areas. 
Plant seed in a warm well-prepared 
seed bed. Shallow planting may be 
helpful in establishing uniform vig-
orous stands. Fungicide seed treat-
ments will be helpful only on seed 
lots that germinate poorly because of 
disease organisms. While increased 
stands are common, increased yields 
from seed treatment are rare. 
Early planting, deep and clean plow-
ing, balanced fertility, and moisture-
stress avoidance will provide some 
control. Avoid high seeding rates. 
Early planting and control of suscep-
tible weeds will aid in control. Avoid 
moving contaminated soil from field 
to field by equipment, water, or other 
means. Crop rotations of 3 years or 
more are necessary even when using 
resistant varieties. 
Fungicides are suggested to aid in pro-
ducing high-quality seed. Yield bene-
fits may occur to grain producers in 
warm, wet seasons. 
......, 
w 
Resistant 
or tolerant 
Disease varieties 
Cercospora leaf blight 1 a 
(purple seed stain), 
septoria brown spot, 
frogeye leaf spot 
Bacterial blight, 
bacterial pustule, 
wildfire 
Downy mildew 2 
Powdery mildew 
Soybean mosaic, bean 
pod mottle, and bud 
blight viruses 
Brown stem rot 
a 1 = Highly effective control measures. 
b 2 = Moderately effective control. 
Crop 
rotation 
2b 
2 
2 
Table 7 - Continued 
Clean High 
plow- seed 
down quality Fungicides 
2 2 
2 2 
2 2 
2 
(soybean 
mosaic) 
Other controls and comments 
These diseases may be more impor-
tant in narrow-row culture systems 
and where uncleaned seed is planted. 
eed should not be saved from fields 
heavily infetted with these diseases. 
This disease may become more im-
portant in narrow-row culture systems. 
Seed should be produced in fields with 
a low incidence of soybean mosaic. 
Damage from bud blight may be re-
duced by bordering soybean fields with 
4 to 8 rows or more of corn, which 
may be especially helpful where soy-
bean fields border alfalfa or clover 
fields. Apply herbicides to kill broad-
leaf weeds in fence rows, ditch banks, 
grass pastures, etc. 
Rotations of 3 or more years are nec-
essary for control. Soybeans planted 
as end rows on corn fields aid in carry-
over . 
1-.> 
~ Table 8. Relative Effectiveness of Various Methods of Controlling the· Major Wheat Diseases in Illinois 
Planting Fungicides Other Clean after the controls 
Resistant Crop plow- Balanced fly-free Seed Foliar and 
Disease varieties rotation down fertility date treatment sprays comments 
Stem rust 1 n 2 
Leaf rust 1 1 
Loose smut 1 1 
Bunt 1 
Septaria leaf blotch 2b 2 2 3 
Glume blotch 2 2 3 2 
Soil-borne wheat 3c 2 
mosaic virus 
Wheat streak mosaic 3 3 2 
virus 
Barley yellow dwarf 
virus 
Scab 3 2 A void planting 
adjacent to corn 
stubble or fol-
lowing corn 
Take-all 3 2 2 Control virus 
diseases 
Cephalosporium stripe 
Powdery mildew 3 3 
Seedling blights 3 3 3 2 
n 1 = Highly effective control measure. 
b 2 = Moderately effective control. 
c 3 = Slightly effective control. 
